One strategy for disinflation prescribes a deliberate path towards low inflation. A contrasting opportunistic approach eschews deliberate action and instead waits for unforeseen shocks to reduce inflation. This paper compares the ability of these two approaches to achieve disinflation-and at what cost.
Introduction
Central banks in different countries have adopted different strategies for achieving price stability. One approach is to take a deliberate path to an ultimate goal of low inflation. In the past decade, this approach has often been followed using explicit inflation targets (Leiderman and Svensson 1995 and Haldane 1995) . In contrast to a deliberate approach, an opportunistic strategy for disinflation has recently gathered attention.
1 An opportunistic disinflation policy also assumes an ultimate target of low inflation; however, except when inflation is too high, the opportunistic policymaker's interim inflation target is simply the current rate of inflation. Thus, the opportunistic strategy typically eschews deliberate action to reduce inflation, and instead waits for unforeseen shocks to reduce inflation. An opportunistic strategy for disinflation was described by a participant at the FOMC meeting in December 1989: "Now, sooner or later, we will have a recession. I don' t think anybody around the table wants a recession or is seeking one, but sooner or later we will have one. If in that recession we took advantage of the anti-inflation [impetus] and we got inflation down from 4-1/2 percent to 3 percent, and then in the next expansion we were able to keep inflation from accelerating, sooner or later there will be another recession out there. And so, . . . we could bring inflation down from cycle to cycle . . . ." Indeed, the gradual ratcheting down of inflation over time is the hallmark of the opportunistic approach. As long as inflation is not too high, the opportunistic policymaker takes no deliberate action to reduce inflation further, but waits to exploit recessions and favorable supply shocks to lower inflation. When inflation gets pushed down by a shock, the interim inflation target is re-set to equal the new prevailing lower rate, and, in this fashion, price stability is eventually achieved.
How should a policymaker choose, on economic terms, between deliberate and opportunistic strategies for disinflation? Two key concerns are the timing and the cost of the disinflation. An opportunistic approach, which waits for shocks, will almost certainly take longer to reach price stability than a deliberate approach.
However, an opportunistic strategy may be able to achieve disinflation at a lower cost, for example, by taking advantage of unforeseen negative price shocks rather than having to create excess slack in the economy. The answer to the choice between these two approaches to disinflation depends, in part, on the nature and the frequency of the shocks that affect the economy.
The costs of a disinflation are also commonly believed to depend on the credibility of the central bank's commitment to the new lower inflation target. Indeed, a major impetus behind the historical adoption of deliberate disinflation policies with explicit inflation targets was the view that by clearly communicating a low inflation goal to the public and by taking transparent actions to achieve that goal, the costs of disinflation could be lowered. As noted in the press release by the Bank of Canada (1991) at the initial announcement of its inflation targets: "The intention in setting out explicit targets . . . is to encourage Canadians to base their economic decisions on this downward path for inflation so that the lower inflation will be more readily achieved. . . ." That is, if people believe that inflation will indeed fall, then inflation may be reduced with a smaller cost in terms of lost output and employment. In contrast, during an opportunistic disinflation, a lack of credibility may be a concern. The continued use of the current inflation rate as an interim target may foster questions about the importance of the professed ultimate target of low inflation. Also, the future path of the interim inflation target depends to a very large extent on the size and distribution of future shocks to the economy. Thus, the absence of transparent announcements and decisive action under opportunism could well reduce credibility and undermine disinflationary expectations.
In this paper, we shall explore these issues. In the next section, we describe two simple policy rules that capture the essence of the deliberate and opportunistic approaches to disinflation. In section 3, we define credibility and describe how credibility can be gained and lost over time. Section 4 outlines the empirical macroeconomic model of the U.S. economy that we use-the Federal Reserve' s FRB/US model. Our discussion of this model focuses on its expectational structure and on the costs of disinflation. Section 5 presents our simulation results, and section 6 concludes.
Alternative Approaches to Disinflation
This section defines deliberate and opportunistic approaches to disinflation. For both approaches, the impetus for the disinflation comes from a reduction in the ultimate inflation target, t . After adoption of a new lower ultimate inflation target, the deliberate policymaker immediately begins to take consistent actions to reach that goal. We model this behavior by assuming that the deliberate policymaker follows a simple variant of the Taylor (1993) rule:
where i t is the nominal short-term policy interest rate (the federal funds rate), r is the equilibrium real short-term rate (which is assumed to be known), t is the 4-quarter inflation rate, and y t is the real output gap.
2 That is, the deliberate policymaker consistently strives to eliminate inflation deviations from the ultimate target.
The opportunistic policymaker behaves somewhat differently. We assume that the opportunistic policymaker sets the short-term interest rate according to:
Equation (2) is identical to (1) in all respects, except that the ultimate inflation target does not explicitly appear on its right-hand side. Instead, the opportunistic policymaker sets the short rate according to the gap between current inflation and an interim inflation target, t . To capture the essence of the opportunistic approach to disinflation, we assume that the interim target evolves according to:
Monetary Policy Credibility
In the previous section, we introduced the interim and ultimate inflation targets in the rules for monetary policy. Here, we define monetary policy credibility through the relationship between the ultimate inflation target and inflation expectations.
We also consider the achievement and the maintenance of credibility.
Our definition of central bank credibility is straightforward. At the beginning of each period, the central bank announces an ultimate inflation target. The private sector must evaluate the future reliability of this target. Agents must judge the central bank's credibility of intent-that is, whether the target represents the true goal of the central bank-and its credibility of action-that is, whether the central bank has the ability to meet the target even if it wants to (say, in the face of fiscal constraints). We measure overall credibility by the extent to which the pronouncement of a target is believed by the private sector in the formation of their long-run inflation expectations. Specifically, we assume that long-run inflation expectations at time t, denoted e 1jt , are a weighted average of the current target and last period' s (four-quarter) inflation rate: e 1jt = t t + ( 1 t ) t 1 :
The parameter t (with 1 t 0) indexes the credibility of the central bank. If t = 1, there is perfect credibility, and private sector' s long-run inflation expectations are equal to the announced long-run goal of the policymaker. If t = 0 , there is no credibility, and the inflation target is ignored in the formation of expectations. Intermediate values of t represent the partial credibility of the announced inflation target. With representative agents, t may represent the subjective probability that an agent attaches to the future achievement of the target. With heterogeneous agents, t could be considered the fraction of the population that believes the target will be achieved.
Credibility as indexed by t is unlikely to be exogenous. The weight that agents place on the announced target plausibly reacts to developments in the economy. For example, targets that are egregiously missed on a consistent basis are likely to be down-weighted in the formation of expectations. There are many possible channels through which economic developments could affect the evolution of credibility. We consider three different mechanisms for endogenous credibility.
In our first mechanism, credibility is established by outcome. If past inflation matches the inflation target, then the target is given more weight by the private sector in the formation of expectations of future inflation. In this formulation, credibility evolves according to has not matched the target.
It should be noted that these mechanisms for the establishment of credibility by outcome and by behavior are broadly similar to those used in the theoretical literature on acquiring credibility (or reputation) in repeated games (as surveyed in Rogoff 1989 and Blackburn and Christensen 1989) . However, that literature has typically employed "trigger" mechanisms that assumed a quick and complete collapse of credibility after even a minor failure by the policymaker to meet the target. Equations (5) and (6), while in the same spirit, can display more plausible macrodynamics because variation in allows more flexibility in modeling how much and how quickly agents revise their inflation expectations in response to missed targets. 4 Finally, in our third channel, credibility may be enhanced merely by the announcement of transparent goals for inflation. In forming long-run inflation expectations, the public may place a higher weight on inflation targets that are clearly and unambiguously stated. Indeed, as noted in the introduction, the recent adoption of deliberate disinflation paths with explicit inflation targets by various central banks was motivated in part by the belief that some credibility could be established by announcement. Such a perspective is not that surprising at central banks where policymakers that are less than circumspect often find that their offthe-cuff comments can move financial markets (and sometimes there is intended "jaw-boning" as well). Still, there is much to be skeptical about regarding credibility by announcement. Presumably, agents do not just listen to policymakers' words but also judge their underlying preferences and incentives. Targets are easy to announce but may be hard to deliver. The empirical evidence on credibility by announcement is decidedly mixed, but there is some evidence that past policy announcements of deliberate disinflations had some small effect on inflation 4 While we view our mechanisms for endogenous credibility as plausible, there are other candidates in the empirical literature. For example, Fuhrer and Hooker (1993) and Huh and Lansing (1997) consider a Bayesian learning mechanism that is perhaps more rigorous in formulation, but would be difficult to implement with our nonlinear policy rule.
expectations (e.g., Johnson 1997a , 1997b and Amano, et al. 1997 . We shall consider this possibility in some of our simulations by slightly boosting credibility immediately after the announcement of a deliberate disinflation slightly above what a forward-looking specification would suggest.
The Model
The FRB/US model that we employ in our analysis is a large-scale macroeconometric model of the U.S. economy with an explicit expectational structure, which was developed at the Federal Reserve Board for analysis and forecasting. Its longrun structure is akin to a neoclassical growth model. In the long run, economic growth is solely a function of population and technology growth, and inflation is determined by the long-run inflation target implicit in the specification of monetary policy. In the short run, however, because of adjustment costs and other dynamic frictions, households and firms are often away from their long-run equilibrium paths, and monetary policy can have significant short-run effects on real activity. Below, we highlight two aspects of the specification that are most relevant for our analysis: the costs of adjustment and the formation of expectations. 
Evolution of Key Macro Variables
Two distinct modeling approaches were used in the construction of FRB/US. Nonfinancial variables are assumed to evolve according to a generalized adjustment cost framework. Financial markets are governed by standard arbitrage equilibrium conditions.
Non-Financial Markets. Firms set prices and make factor allocation decisions un-der imperfect competition. Households make consumption decisions in the context of a life-cycle framework. We shall use the firms' price setting problem to illustrate the general modeling approach used in all key non-financial equations of FRB/US. 6 In doing so we shall pay special attention to the role played by expectations in the model's dynamics.
Non-financial variables are modeled according to two basic tenets. First, all economic agents are assumed to be forward looking, with their expectations of future conditions explicitly modeled in all key behavioral equations. Second, decision making in all non-financial markets is subject to non-trivial adjustment costs or frictions that prevent agents from instantaneous reaching their long-run or "target" factor allocations and prices. In practice, this approach is implemented by assuming that agents follow a two-state decision making process. In the first stage, target values for all decision variables are determined; these are the values that would prevail in the absence of adjustment costs. For instance, given imperfect competition and a Cobb-Douglas production function, target prices (p t ) are a function of marginal costs of production (c t ) and a cyclical mark-up. In the second stage of the decision making process, agents seek to close the gap between actual and target values of their decision variables subject to adjustment costs. Again using price setting as an illustration, the second-stage decision problem reduces to solving the cost minimization problem:
where p t denotes the actual price level and p t its target value. Equation (7) generalizes the adjustment cost assumption to go beyond the level-adjustment cost specification commonly used in standard linear quadratic models-e.g. Sargent (1978) and Rotemberg (1982) . For instance, for m=2, equation (7) says that it is 6 The details of the modeling approach are described by Tinsley (1993). costly not just to change the price level, but also its rate of change. ) where the cyclicality of the mark-up is captured by the term involving the unemployment rate (u t ), and e p;t is a price shock.
In the context of the model's price setting behavior, equation (8) producers can adjust the rate at which they change their prices costlessly-then it can be shown that j = 0 for all j. In contrast to this explicit attempt to decompose dynamics between expectations and adjustment costs, traditional specifications of the Phillips curve use lagged values of inflation to capture both "inflation inertia" and the usefulness of past inflation in predicting its future values.
Equations like (8) permeate all aspects of key non-financial sectors of the model. For households, the two-stage decision problem of consumers involves, first, specifying "target" consumption as a function of lifetime income, and, second, solving an optimization problem similar to (7). Again, the result is a decision rule where consumption growth is a function not only of the gap between actual and target consumption, but also of past values of consumption growth and expected changes in consumption fundamentals. Firms' factor allocation and inventory accumulation decisions are also derived within this framework.
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Financial Markets. The main financial equations involve three long-term interest rates-for the 5-and 10-year government bonds and the 30-year corporate bond-and the stock market. Adjustment costs are assumed to be small enough to be negligible so that there is no distinction between target and actual values of financial variables.
Long-term interest rates are determined according to the expectations theory of the term structure. Following Shiller (1979) , the yield on a long-term bond of maturity m is given by the expected future path of short-term interest rates (i t ) 
The model's equation for stock market also follows standard specifications.
It is based on the familiar notion that stock prices reflect the present discounted value of expected dividends.
Expectation Formation
As discussed above, expectations play a potentially important role in the evolution of both financial and non-financial variables in FRB/US. The version of the model used for the experiments described in this paper assumes that agents base their expectations on a simplified reduced-form representation of the economy.
Thus, rather than explicitly using all 300+ equations and identities that make up 9 Brayton and Tinsley (1996) provide details of individual equations the model, agents rely on small-scale vector-autoregressions to form their expectations. Such expectations are within the spirit of our disinflation exercise. As stressed by Taylor (1993) , fully rational expectations may be unrealistic during the transition period after a new policy has been put in place. Certainly, the assumption that agents may be not fully aware of the policy generating process motivates our analysis of credibility.
The VAR forecasting systems vary from sector to sector-for example, while the price setting decision leads firms to forecast the unemployment rate, households are required to generate explicit income forecasts when deciding how much to consume. Nevertheless, all small-scale forecasting models include a restricted VAR in three core macroeconomic variables: inflation ( t ), short-term interest rates (i t ), and an output gap (y t ). 10 The subsystem formed by these three variables can be written as: 11 The estimated coefficients of the core VAR 10 Effectively, the inclusion of these three variables endows all agents in the economy with knowledge of its three essential macroeconomic relationships: a Phillips curve, a monetary policy rule, and an IS curve. We also explored simulations with a core VAR that replaced equation (10) with an expectations version of the policy rule (1) or (2), and we obtained very similar results with such policy-consistent expectations.
11 When estimating the model, long-run expectations for inflation are taken from survey data, and those for the federal funds rate from the forward interest rates implicit in the term structure of interest rates. In the terminology of Kozicki and Tinsley (1996) , these expectational variables represent "moving endpoints" for inflation and interest rate forecasts.
imply that the system "error corrects" so that 
Model Simulation Results
Our goal is to compare the performances of the opportunistic and deliberate approaches to disinflation. We do this by conducting stochastic simulations of the FRB/US model. All of the simulations start from a steady state baseline with the inflation target and actual inflation both at 5 percent. The stochastic simulations begin with the announcement of a 3 percent inflation target. The deliberate policymaker strives for this new target by following the Taylor-type rule in equation (1) with t equal to 3. The opportunistic policymaker employs the strategy described by equations (2) and (3).
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The stochastic simulations use a bootstrap procedure based on the errors made by key model equations (about 50 in number) over the 1966-1995 period. We ran 1,000 simulations each under opportunistic and deliberate monetary policy. These simulations were run in pairs (which consist of one with each type of policy) that were each characterized by a different sequence of randomly selected macroeconomic shocks over which the disinflation episode took place (which is the obvious variance reduction technique). For each simulation, we recorded the number of years that were required until the disinflation was complete and the ultimate inflation target was achieved. 13 We also recorded how much the unemployment rate deviated from its steady-state value during each disinflation episode in order to compute the costs associated with each monetary policy strategy. 14 While the sacrifice ratio and disinflation duration are common metrics for disinflation, we also consider a more traditional discounted quadratic loss function of the type:
This loss function sums the (discounted) squared deviations of inflation from its 12 For the policy rule parameters, we use Rudebusch's (1997) estimates for the Greenspan period-1 = 0 : 78 and 2 = 0 : 68. Our results are robust to variation in these parameters.
target and output from potential during the first 20 years after the disinflation begins. 15 Thus, for each stochastic simulation, we generated three pairs of observations: namely, the duration of the disinflation, the sacrifice ratio, and the quadratic loss for each policymaker.
Armed with 1,000 observations on sacrifice ratios, losses, and durations of disinflation for each policymaker, we then proceeded to address the main question asked in this paper: Given the stochastic characteristics of the U.S. economy over the past 3 decades-as measured by the FRB/US model-how well can the opportunistic and deliberate policymakers deliver on their announced inflation targets?
To address this question, we compare mean and median values of the statistics.
In the comparison of sacrifice ratios and the losses, we also used paired-sample t-tests and Wilcoxon tests to gauge the statistical significance of the reported differences between the opportunistic and deliberate policymakers. Wilcoxon signed-rank test). Thus, it appears that the opportunistic policymaker, by waiting for the appropriate shocks, is able to reduce inflation with less cumula- 15 The value of delta used is 0.98, and the output gap is defined as twice the unemployment gap in accord with Okun's Law. 16 This sacrifice ratio is very close to the one calculated by Ball (1994) . Using a simple backof-the-envelope calculation with quarterly U.S. data, he calculates a ratio of about 1.2 percentage points of unemployment per percentage point disinflation.
tive unemployment than the deliberate policymaker. Of course, waiting for shocks increases the duration of the disinflation, which averages (in mean) 5.56 years for the opportunistic policymaker and 3.77 years for the deliberate one. (In all cases, the differences in the duration of the disinflations across the two approaches were very significant, so p-values are not reported for these statistics.) Still, as measured by simple quadratic loss, with equal weights on inflation and output deviations, the opportunistic policymaker does suffer a slightly smaller loss. Again, in all cases the differences across the two approaches were very significant, so p-values are not reported for these statistics. This last conclusion may depend on the relative weights assigned to output and inflation deviations.
Similar qualitative results are obtained for the case of perfect credibility, although both the sacrifice ratios and the disinflation durations are quantitatively smaller. In the case of no credibility, however, the results are less clear in that the sacrifice ratios and losses for the deliberate policymaker actually fall below those of the opportunistic one.
Of course, as argued above, credibility is likely to respond endogenously to the performance of the policymaker, and results with endogenous credibility are given in the lower half of table 1. In particular, as actual or anticipated progress is made toward the inflation target, the credibility of that target is likely to rise. The mechanisms for determining credibility are described in equation (4) and (5). In our simulations, we set = :67, which translates into a three percentage point range of credibility around the target. 17 Under the backward-looking mechanism depicted in (4)-credibility by outcome-if actual inflation is outside of this range, then the target has no credibility. Credibility is gained incrementally as the target is approached. In this case, as shown in table 1, the deliberate policy maker actually has a lower sacrifice ratio and a smaller quadratic loss than the opportunistic one. This is also the true for the forward-looking specification of credibility (cred- 17 Our results are robust to some variation in :
ibility by behavior) and for the credibility-by-announcement mechanism (where the credibility of the deliberate policymaker is bounded below by .2 after the announcement of the new policy). To shed some light on the movement of endogenous credibility in the three cases considered, the time paths of mean credibility (that is, the average of t in each quarter across simulations) are shown in figure   1 . In all three cases, because the deliberate policymaker makes faster progress toward the goal of low inflation, he enjoys a faster rise in credibility and a lower sacrifice ratio and loss.
Concluding Remarks
There is a long history of exploring the performance of various policy rules in economic models. Almost all of this research has been conducted in the context of linear models and rules with a fixed expectations mechanism-either rational or adaptive expectations. Such a framework is not well suited for our investigation along two dimensions. First, our opportunistic policy rule is inherently nonlinear. While such a rule is very difficult to motivate with a symmetric loss function and linear constraints, as noted in the introduction, it does appear to hold considerable appeal for some policymakers. Second, our interest is in a period that is clearly transitional-the disinflation-again, mirroring the interests of policymakers. Such a transition will likely involve learning and credibility and changes over time in the expectations formation process.
Given the somewhat atypical, but clearly important, topic of our investigation, there are few clear answers in the literature to the many modeling choices required. What is the nature of learning during a policy transition? How are expectations formed? How will the success of an opportunistic policy be judged?
Our results are of course dependent upon the modeling choices that we have made, but still we see them as useful, not for their precise quantitative answers, but for providing a cautionary tale. Namely, there seems to be a fundamental tension be-tween credibility and opportunism. The public may well be skeptical about the importance of an ultimate inflation target when it is promulgated but not acted upon by an opportunistic central bank, and this skepticism may lead to a higher cost for a disinflation policy. Results under the opportunistic (opp.) and deliberate (del.) policy strategies are given for the sacrice ratio (in percentage point y ears of unemployment rate deviations per percentage point of disination), the duration of disination (in years), and a loss function described in the text. The p-values test the equality of the opportunistic and deliberate means or medians. 
